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@ Time date receiving apparatus.

@ The radiowaves including time data are received
at receiving means (2, 3, 1). When the current time
data in current time counting means (7) has been
corrected by correction means (1) on the basis of
the current time data obtained at the receiving
means, it is judged whether or not an alarm time is
present between the time data before correction and
the time data after correction. If an alarm time is
present, the user is informed of the alarm time. This
avoids the problem of failing to inform the user of
the alarm time at that day. Furthermore, the cor-
respondence between the current time data in the
current time counting means (7) and the time data in
different functional means (20) is prevented from
changing as follows when the current time data has
been corrected on the basis of the received time
data, the time data in the different functional means
(20) is also corrected as much as the same correc-

tion time, or while the different functional means (20)
is operating, the time correcting operation is pre-
vented from being carried out even if the time cor-
rection timing has been reached.
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This invention relates to a time data receiving
apparatus which receives the radiowaves contain-
ing a time code, exiracts time data from the
radiowaves, and corrects the time on the basis of
the time data.

At present, in Germany, England, Switzerland,
Japan, efc., where the radiowaves containing a
time code are being transmitted, radio-controlled
timepieces have been put to practical use which
receive the radiowaves, exiract time data from the
radiowaves, and corrects the current time data in
the current time count circuit on the basis of the
time data.

Furthermore, for example, a radio-controlled
timepiece provided with an alarm function that
goes off at the alarm time previously set has been
disclosed in U.S. Pat. No. 5,083,123.

In such a radio-controlled timepiece with an
alarm function, the alarm time data previously set
is compared with the current time data in the
current time count circuit every minute, and the
alarm is given when they coincide with each other.

Therefore, even when a radiowave correction
timing has occurred immediately before the current
time data in the current time count circuit reaches
the alarm time data, and the received accurate time
data becomes the time data behind the alarm time,
this time data will still be used to correct the
current time data in the current time count circuit.
As a result, the alarm time has passed, so that the
coincidence of the alarm time data with the current
time data in the current time count circuit cannot
be sensed, and consequently the user is not in-
formed of the alarm time.

The idea has been proposed that such a radio-
controlled timepiece is provided with a timer func-
tion of informing the user when the preset time has
been reached.

A case will be considered where the elapsed
time is measured wusing a radio-controlled
timepiece with such a timer function.

For example, it is assumed that the user plans
to start specific work at 4:50 p.m. and end at 5:20,
sets the timer for 30 minutes, and starts the timer
function at 4:50 to inform him at 5:20.

In the case where the radiowaves containing a
time code is received at 5:00, the time data is
extracted from the radiowaves, and the current time
data in the current time count circuit is corrected
on the basis of the time data, when the user is
informed after the time set in the timer has
elapsed, the current time data in the current time
count circuit is other than 5:20 and consequently
the time different from 5:20 is displayed. For this
reason, the user may think that he must have set
the wrong time in the timer, any time other than 30
minutes, or he may doubt the accuracy of the
radio-controlled timepiece with the timer function.
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An object of the present invention is to provide
a time data receiving apparatus which can avoid
the inconveniences of a function different from a
current time counting function which result from the
current time data in a current time count circuit
being corrected on the basis of the fime data
fransmitted over the radiowaves.

Another object of the present invention is to
provide a time data receiving apparatus which can
avoid the problem of failing to inform the user of
the alarm time on that day because the current
time data in a current time count circuit is cor-
rected on the basis of the time data transmitted
over the radiowaves.

Still another object of the present invention is
to provide a time data receiving apparatus which
can avoid the change of the correspondence be-
tween the current time data and the time data in a
different functional means resulting from the cur-
rent time data in a current time count circuit being
corrected during the operation of the separate func-
tional means for obtaining the time data different
from the current time data.

To accomplish the foregoing objects, a time
data receiving apparatus according to a first aspect
of the invention comprises current time counting
means for counting the current time data, alarm
time data storage means for storing the alarm time
data, coincidence sensing means for comparing the
current time data in the current time counting
means with the alarm time data to sense the co-
incidence between them, first informing means for
performing an informing operation when the co-
incidence has been sensed at the coincidence
sensing means, receiving means for receiving the
radiowaves including time data and obtaining the
reception time data from the radiowaves, correction
means for correcting the current time data in the
current time counting means on the basis of the
reception time data obtained at the receiving
means, judging means for judging whether or not
the alarm time data is present between the time
data before correction and the time data after cor-
rection, when the current time data in the current
time counting means has been corrected by the
correction means, and second informing means for
performing an informing operation when the judg-
ing means judges the alarm time data as being
between the time data before correction and the
time data after correction.

To accomplish the foregoing objects, a time
data receiving apparatus according to a second
aspect of the invention comprises current time
counting means for counting the current time data,
receiving means for receiving the radiowaves in-
cluding time data and obtaining the reception time
data from the radiowaves, correction means for
correcting the current time data in the current time
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counting means on the basis of the reception time
data obtained at the receiving means, different
functional means for obtaining the time data dif-
ferent from the current time data, correction time
sensing means for sensing the correction time (the
corrected amount of time) when the current time
data in the current time counting means has been
corrected by the correction means, and compensa-
tion means for compensating the time data in the
different functional means with the correction time
sensed at the correction time sensing means.

To accomplish the foregoing objects, a time
data receiving apparatus according to a third as-
pect of the invention comprises current time count-
ing means for counting the current time data, re-
ceiving means for receiving the radiowaves includ-
ing time data and obtaining the reception time data
from the radiowaves, correction means for correct-
ing the current time data in the current time count-
ing means on the basis of the reception time data
obtained at the receiving means, different func-
tional means for obtaining the time data different
from the current time data, switch means for con-
trolling the start and stop of the operation of the
different functional means, and disabling means for
disabling the correction means during the time
when the different functional means is operating as
a result of the operation of the switch means.

With the configuration according to the first
aspect of the invention, when the current time data
in the current time count means is corrected on the
basis of the received time data, it is judged wheth-
er or not there is an alarm time is present between
the time data before correction and the time data
after correction. If an alarm time is present between
them, the user is informed of the alarm time. This
avoids the problem of failing to inform the user of
the alarm time on that day because the current
time data in the current time count circuit has been
corrected.

With the configuration according to the second
aspect of the invention, because the time data in
the different functional means is also corrected as
much as the same correction time when the current
time data in the current time count means has
been corrected on the basis of the received time
data, it is possible to prevent the change of the
correspondence between the current time data in
the current time count means and the time data in
the different functional means.

With the configuration according to the third
aspect of the invention, because the time correc-
tion operation is prevented from being carried out
during the operation of the different functional
means, even if the time correction timing has been
reached, it is possible o prevent the change of the
correspondence between the current time data in
the current time count means and the time data in
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the different functional means.

This invention can be more fully understood
from the following detailed description when taken
in conjunction with the accompanying drawings, in
which:

FIG. 1 is a block diagram of a time data receiv-
ing apparatus according to a first embodiment of
the present invention;

FIG. 2 is a general flowchart for the operation of
the time data receiving apparatus of FIG. 1;

FIG. 3 is a detailed flowchart for the radiowave
correction process at step S7 in the flowchart of
FIG. 2;

FIG. 4 illustrates a format of a time code;

FIG. 5 is a block diagram of a time data receiv-
ing apparatus according to a second embodi-
ment of the present invention;

FIG. 6 shows the structure of the RAM of FIG. 6;
FIG. 7 is a general flowchart for the operation of
the time data receiving apparatus of FIG. 5;

FIG. 8 is a detailed flowchart for the switching
process at step A2 in the flowchart of FIG. 7;
FIG. 9 is a detailed flowchart for the radiowave
correction process at step A4 in the flowchart of
FIG. 7; and

FIG. 10 is a general flowchart for the operation
of the time data receiving apparatus according
to a modification of the second embodiment.

Referring to FIGS. 1 to 4, a time data receiving
apparatus according to a first embodiment of the
present invention will be explained.

FIG. 1 is a circuit diagram of the time data
receiving apparatus according to the first embodi-
ment.

In the figure, there is a CPU 1 in the center, to
which the other circuit sections are connected. The
CPU 1 is a control circuit section that processes
the transmitted data and also sends control signals
to the circuits connected thereto to control them.

An antenna 2 receives the fransmitted
radiowaves, converts them into electric signals, and
transmits them to a receiving circuit 3. The receiv-
ing circuit 3 is a superheterodyne receiving circuit,
which starts to operate when receiving a reception
start/end signal C from the CPU 1, selects an
electric signal of a specific frequency from the
electric signals supplied from the antenna 2, ob-
tains time code TC from the signal, and sends it to
the CPU 1. Thereafter, the receiving circuit re-
ceives the reception start/end signal C and stops
its operation.

Specifically, the receiving circuit 3 comprises a
tuning circuit that extracts the signal of the specific
frequency from the electric signals supplied from
the antenna 2, a high-frequency amplifying circuit
that amplifies the extracted specific-frequency sig-
nal, a PLL frequency synthesizer that is used as a
local oscillator, a mixer that mixes the signal am-
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plified at the high-frequency amplifying circuit with
the signal from the PLL frequency synthesizer, a
band-pass filter that extracts a desired intermedi-
ate-frequency signal from the signal supplied from
the mixer, a detecting circuit that obtains a base
band signal from the intermediate-frequency signal
extracted at the band-pass filter, and an A/D con-
verting circuit that converts the base band signal
obtained at the detecting circuit into a digital signal
and sends it as the time code TC to the CPU 1.

An oscillation circuit 5 is a circuit section that
always sends a signal of a constant frequency. A
frequency-dividing circuit 6 is a circuit section
which counts the signal from the oscillation circuit
5, and sends a one-minute signal M to a current-
time count circuit 7 and the CPU 1 each time the
count has reached the value corresponding to one
minute, and which increases the count by one
second each time it receives the preset signal P
from the CPU 1. The current-time count circuit 7 is
a circuit section which counts the one-minute sig-
nal M from the frequency-dividing circuit 6 to ob-
tain the current time data, that is, the date data on
that day, the hour data and minute data at the
present moment, supplies these data to the CPU 1,
and which corrects the current time data on the
basis of the time data from the CPU 1.

A switch section 8 is a circuit section which is
provided with various switches and sends the cor-
responding switch input signal to the CPU 1 when
any one of those switches is operated.

A RAM 9 is a circuit section which stores the
data from the CPU 1 and sends the stored data to
the CPU 1 under the control of CPU 1.

In the RAM 9, an alarm time memory AL is a
memory which stores the alarm time set by operat-
ing a switch in the switch section 8, reception time
memories X1 to X3 are memories which receive
time code TC every minutes three times consecu-
tively after the hour and store the plural reception
time data extracted from those codes, reception
cumulative day count memories D1 to D3 are
memories which store date data obtained by con-
verting the cumulative day count data sent together
with the plural reception time data stored in the
reception time memories X1 to X3, a reception
current time memory X is a memory which stores
the time data at the time when one minutes has
passed since the reception time data stored in the
reception time memory X3, a count current time
memory Y is a memory that temporarily stores the
current time data (i.e., the current time data before
correction) in the current-time count circuit 7 at that
moment in correcting the current time data in the
current-time count circuit 7.

A sounding unit 10 is a circuit section which
generates alarm sound A (explained later) when
receiving signal a from the CPU 1 and alarm sound
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B (explained later) when receiving signal b. A dis-
play section 11 is a circuit section which digitally
displays the data from the CPU 1, such as the
current time data in the current-time count circuit 7.

FIG. 4 shows a time code transmitted from a
fransmitting station in Japan.

A time code whose format is as shown in FIG.
4 is transmitted in the form of amplitude-modulated
40-KHz long-wave standard frequency.

The Japan's time code is sent in the format
lasting for one minute each time the digits of
minutes in the accurate time are updated (i.e.,
every minute). As shown in FIG. 4, in the one-
minute frame, a pulse which rises at the starting
time, that is, at 0 second and whose width is 0.2
second is provided, and pulses which have the
same width are provided at 9, 19, 29, 39, 49, and
59 seconds, respectively (in FIG. 4, they are in-
dicated by symbols PO to P6). Between frames,
two pulses whose pulse width is 0.2 second are
provided with an interval of nearly one second
between the two pulses (i.e., the pulse indicated by
P6 and that indicated by PQ), which marks the start
of a new frame. Of the two pulses, the latter is
called a frame reference marker. Therefore, the
point indicated by the frame reference marker or
PO at which a pulse rises is the accurate time that
the digits of minutes of the current time have been
updated.

Within the frame, the minutes and the hours of
the time at the frame starting point and the cumula-
tive day count (the number of days between the
current time and January 1) are provided in binary-
coded decimal in the range from one to nine sec-
onds, the range from ten fo nineteen seconds, and
the range from twenty to forty seconds, respec-
tively. In this case, code symbols "1" and "0" are
represented by a pulse whose width is 0.5 second
and a pulse whose width is 0.8 second, respec-
tively. In the frame of FIG. 4, data on 18:42 on the
253rd day in the cumulative day count.

Hereinafter, the operation of the time data re-
ceiving apparatus of the first embodiment con-
structed as described above will be explained.

FIG. 2 is a general flowchart of the operation.
FIG. 3 is a detailed flowchart of the radiowave
correction process at step 7 of FIG. 2.

In this embodiment, when power is turned on,
control goes to step S1 of FIG. 2. At step S1, it is
judged whether or not a one-minute signal M frans-
mitted from the frequency-dividing circuit 6 has
been received. If it has been received, control
proceeds to step S2.

At step S2, it is judged whether or not the
current time data in the current time count circuit 7
is equal to the alarm time data stored in the alarm
time memory AL of the RAM 9. If it is equal to the
alarm time data, control goes to step S3, where a
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signal a is sent to the sounding unit 10, which is
then caused the unit to produce alarm sound A for
30 seconds, thereby informing the user of a state
that the alarm time has been reached. After the
process at step S3 has been completed, or when it
is judged at step S1 that a one-minute signal M
has not been received, or when it is judged at step
S2 that the current time data in the current-time
count circuit 7 is not equal to the alarm time data,
control proceeds to step S4, where it is judged
whether or not switch input has been performed by
operating any switch in the switch section 8. If
switch input has been performed, control goes fo
step S5, where the corresponding switch process is
carried out, and thereafter control proceeds to step
$6. If switch input has not been effected, control
goes from step S4 to step S6 directly. At step S6,
it is judged whether or not the current time in the
current-time count circuit 7 is on the hour (the time
whose minute digits and second digits are all zero
like one o'clock, two o'clock, three o'clock ...). If it
is on the hour, control goes to step S7, where a
radiowave correction process (explained later) is
carried out, and thereafter control goes to step S8.
If it is judged at step S6 that it is not on the hour,
control proceeds from step S6 to step S8 directly.
At step S8, the current time data in the current-
time count circuit 7 etc. is digitally displayed on the
display section 11, and thereafter control returns to
step S1. From this point on, the operations as
described above will be repeated.

Hereinafter, the radiowave correction process
(step S8) executed every hour on the hour will be
explained. As mentioned above, FIG. 3 illustrates
the radiowave correction process in detail. Specifi-
cally, when the current time data in the current-
time count circuit 7 has reached the hour, and the
correction process starts, the current time data in
the current-time count circuit 7 is first stored in the
count current-time memory Y of the RAM 9 at step
S11. Then, at step S12, a reception start/end signal
C is sent to the receiving circuit 3, which is then
caused to start a receiving operation. Also at step
S12, time code TC transmitted from the receiving
circuit 3 is taken in. Then, at step S13, a check is
made to see if the frame reference marker is
present in the transmitted time code TC. This ac-
tion is repeated until the frame reference marker
has been received. When the frame reference
marker is found, control goes from step S13 to
step S14, where the reception time data (i.e.,
minute and hour data) and the reception cumulative
day count data are exiracted from the time code
TC transmitted immediately after the frame refer-
ence marker. At step S15, the reception time data
is stored in the reception time memory X1 of the
RAM 9. Then, control proceeds to step S16, where
the reception cumulative day count data is con-
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verted into date data (data on the month and the
day of the month), and the resulting date data is
stored in the reception cumulative day count mem-
ory D1 of the RAM 9. Then, at step S17, the
process of digitally displaying the current time data
in the current-time count circuit 7 etc. on the dis-
play section 11 is carried out. Thereafter, control
goes to step S18. At step S18, it is judged that the
frame reference marker (tfransmitted at intervals of
one minute as described earlier) has not been
sensed three ftimes yet since the reception
start/end signal C was sent to the receiving circuit
3, which then started reception (i.e., the operation
of extracting three different types of reception time
data at intervals of one minute has not been fin-
ished). Then, control returns to step S13.

After control has returned to step S13 as de-
scribed above, a frame reference marker transmit-
ted after the frame reference marker (hereinafter,
referred to as a first frame reference marker), that
is, a frame reference marker transmitted after one
minuted has elapsed since the first frame reference
marker was fransmitted (hereinafter referred to as a
second frame reference marker), is searched for
from the time codes TC transmitted one after an-
other at step S13. When the second marker refer-
ence marker is found, control goes to step S14. At
step $14, the reception time data and the reception
cumulative day count data are extracted from the
time code TC following the second frame reference
marker. At step S15, the reception time data is
stored in the reception time memory X2. Then,
control proceeds to step S16, where the reception
cumulative day count data is converted into date
data, which is stored in the reception cumulative
day count memory D2. Thereafter, at step $17, the
current time data in the current-time count circuit 7
etc. are displayed on the display section 11. Then,
control goes to step S18, where it is judged that
the frame reference marker has not been sensed
three times yet since the receiving operation was
started as mentioned earlier, and then control re-
turns to step S13.

After control has returned to step S13, a frame
reference marker transmitted after the second
frame reference marker (hereinafter, referred to as
a third frame reference marker) is searched for
from the time codes TC transmitted one after an-
other at step $13. When the third marker reference
marker is found, control goes from step 13 to step
S14, where the reception time data and the recep-
tion cumulative day count data are exiracted from
the time code TC following the third frame refer-
ence marker. At step S15, the reception time data
is stored in the reception time memory X3. Then,
control proceeds to step S16, where the reception
cumulative day count data is converted into date
data, which is stored in the reception cumulative



9 EP 0 657 794 A2 10

day count memory D3. Thereafter, at step $17, the
current time data in the current-time count circuit 7
etc. are displayed on the display section 11. Then,
control goes to step S18, where it is judged that
the frame reference marker has been sensed three
times already since the receiving operation was
started, and then control returns to step S19.

After control has arrived at step S19, it is
judged here whether or not the reception has been
carried out properly. Specifically, it is judged
whether or not the three reception cumulative day
count data obtained in the reception and stored in
the reception time memories X1 to X3 are delayed
one after another for one minute, and whether or
not the three date data stored in the reception
cumulative day count memories D1 to D3 are the
same. If it is judged that the plural reception time
data in the reception time memories X1 to X3 are
delayed one after another for one minute and the
three date data in the reception cumulative day
count memories D1 to D3 are the same, and that
the current reception has been performed properly,
control goes to step S20, where the time data
obtained by adding one minute to the reception
time data stored in the reception time memory X3
is stored in the reception current time memory X
(the reason why one-minute-added time data is
stored in the reception current time memory X is
that the operation of correcting the current time
data in the current time count circuit 7 is effected
only when the frame reference marker transmitted
one minute after the fransmission of the third frame
reference marker, that is, the fourth frame refer-
ence marker, has arrived, which will be explained
later). If it is judged at step S19 that the current
reception has not been effected properly, control
goes to step S27.

After the process at step S20 has been com-
pleted, control proceeds to step S21, where the
fourth frame reference marker is waited for. When
the fourth reference marker is sensed, control goes
to step S22. At step S22, the rising edge of a pulse
which rises one second after the rising of the fourth
reference marker (i.e., the point in time indicated
by T1 in FIG. 4) is waited for. When the rising edge
is sensed, control goes to step S23. At step 23, the
time data stored in the reception current time
memory X (because this data is the time data at
the time that the fourth frame reference marker
rose as described earlier, it becomes one-second-
old time data at present) and the reception date
data stored in the reception cumulative day count
memory D3 are forcibly set in the current time
count circuit 7. At step S24, because the current
time data set in the current time count circuit 7 at
step 23 is one second older than, or one second
behind, the current time, to correct this delay, a
preset signal P is supplied to the frequency-divid-
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ing circuit 6 so that the next one-minute signal M
may be transmitted 59 seconds later, not 60 sec-
onds later, and the count in the frequency-dividing
circuit 6 is forcibly increased by the value cor-
responding o one second.

After the process of correcting the current time
data in the current time count circuit 7 using the
time code TC received through the processes up
to step S24 has been carried out, control goes to
step S25. At step S25, it is judged whether or not
the alarm time data stored in the alarm time mem-
ory AL is greater than the time data stored in the
count current time memory Y (i.e., the time data in
the current time count circuit 7 before correction at
the time of starting the current reception) and is
less than the time data in the reception current
time memory X, or the time data in the current
time count circuit 7 after correction (i.e., although
alarm sound A has not been produced yet on that
day, it is judged whether the current time data has
reached the alarm time or has passed the alarm
time as a result of correcting the current time data
in the current time count circuit 7). When it is
judged at step S25 that the alarm time data stored
in the alarm time memory AL is greater than the
time data stored in the count current time memory
Y and is less than the time data in the reception
current time memory X (in this case, attention is
given to only the hour digits and minute digits of
the time data, and the time is expressed in 24-hour
representation), control goes to step S26, where
signal b is sent to the sounding unit 10, which
produces alarm sound B for 30 seconds only. In
this case, hearing alarm sound B different from
normal alarm sound A, the user can recognize that
it is the alarm time sounding influenced by the
operation of correcting the current time data in the
current time count circuit 7.

After the process at step S26 has been fin-
ished, when it is judged at step S19 that the
current reception has not been performed properly,
or when it is judged at step S25 that the alarm time
data in the alarm time memory AL exceeds the
above range, control goes to step S27, where a
reception start/end signal C is sent to the receiving
circuit 3 to stop the current receiving operation,
thereby terminating the radiowave correction pro-
cess.

The present invention is not limited to the
above embodiment, but may be practiced or em-
bodied in still other ways without departing form
the spirit or essential character thereof. In the em-
bodiment, each time the current time data in the
current time count circuit 7 has reached the hour, a
check is made to see if the current time data in the
current time count circuit 7 has reached the alarm
time data in the alarm time memory AL. If the
alarm time data has been reached, the operation of
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producing alarm sound A (i.e., the processes at
steps S2 and S3 in FIG. 2) is suspended (for a little
longer than four minutes), the current time data (on
the hour) in the current time count circuit 7 is set in
the count current time memory Y, and the time
data (the correct time data) on the time elapsed a
little more than four minutes from the current time
is set in the reception current time memory X.
When the alarm time data stored in the alarm time
memory AL is greater than the time data in the
count current time memory Y and is less than the
time data in the reception current time memory X
(as mentioned earlier, attention is given to only the
hours and minutes in the time data, and the time is
expressed in 24-hour representation. The same
holds true in the explanation below), alarm sound B
is produced. Alarm sound B may be produced in a
different manner. For instance, alarm sound B may
be produced as follows: even after the hour, wheth-
er or not the current time data in the current time
count circuit 7 has reached the alarm time data in
the alarm time memory AL continues to be
checked immediately before the current time data
in the current time count circuit 7 is corrected
using the time data in the reception current time
memory X. If the alarm time data has been
reached, alarm sound A is produced (e.g., the
processes at steps S2 and S3 of FIG. 2 are in-
serted between steps S17 and S18 and between
steps S22 and S23 of FIG. 3). After that, the
operation is stopped. On the other hand, if the
current time data in the current time count circuit 7
has not reached the alarm time data in the alarm
time memory AL immediately before the correction,
it is judged whether or not the alarm time in the
alarm time memory AL is less than the time data in
the current time count circuit 7 after correction (i.e.,
the time data in the reception current time memory
X). Only when the former is less than the latter,
alarm B is produced.

With the first embodiment, when the alarm time
sounding has not been effected yet on that day
and the preset alarm time data is within that day, it
is judged whether or not the preset alarm time data
is in the range before the time data in the current
time count means after correction using the recep-
tion time data. If it is judged that the alarm time
data is in the range, alarm time sounding is effec-
ted. Therefore, it is possible to avoid the problem
of failing to inform the user of the alarm time on
that day resulting from the operation of correcting
the time data in the current time count circuit on
the basis of the received time data.

Hereinafter, a second embodiment of the
present invention will be explained.

FIG. 5 is a block diagram of a time data
receiving apparatus of the second embodiment.
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The circuit configuration of the second embodi-
ment differs from that of the first embodiment of
FIG. 1 in which the former is provided with a
subtraction timer section 20.

The subtraction timer section 20 comprises an
RS flip-flop 22, an AND gate 23, a subtraction timer
circuit 24, a zero-second sensing circuit 25, and a
sounding unit 26.

The RS flip-flop 22 is a circuit which, when
receiving the set signal from a CPU 1, goes into a
set state and supplies output Q to the AND gate
23, and which, when receiving the reset signal via
an OR gate 21, goes into a reset state and stops
supplying output Q.

The AND gate 23 is a circuit section which is
enabled by output Q from the RS flip-flop 22 and
supplies the one-second signal SS from a fre-
quency-dividing circuit 6 to the subtraction timer
circuit 24. The timer time from the CPU 1 is set in
the subtraction timer circuit 24, which decreases
the preset timer time by one second each time the
one-second signal SS supplied via the AND gate
23 is received, and sends the timer time (i.e., the
remaining time) at that point in time to the zero-
second sensing circuit 25 and the CPU 1.

The zero-second sensing circuit 25 is a circuit
which checks whether or not the timer time from
the subtraction timer circuit 24 has reached zero,
and when zero has been reached, supplies a sense
signal to the sounding unit 26 and the OR gate 21.

The sounding unit 26 is a circuit section which,
when receiving the sense signal from the zero-
second sensing circuit 25, produces alarm sound
for a specified period of time.

The OR gate 21 is a circuit section which
supplies the sense signal from the zero-second
sensing circuit 25 or the signal from the CPU 1 to
the RS flip-flop 22 as the reset signal.

FIG. 6 shows the structure of a RAM 9. A
mode register MR is a register for specifying a
mode. When a "1" is set in the register, it specifies
the timer mode in which a timer function is also
used, and when a "0" is set in the register, it
specifies the clock mode in which only a clock is
used. A correction flag Fc is a flag for specifying
whether or not the timer time in the subtraction
timer circuit 14 should be corrected according to
the correction time when the time data in the
current time count circuit 7 has been corrected on
the basis of the reception time code TC during the
operation of the timer. When the flag has a value of
"1", it specifies correction.

Reception time memories X1 to X3 are memo-
ries in which three reception time data (three re-
ception time data differing from each other by one
minute) obtained in a time correction operation, or
the radiowave correction process (at step A4 in
FIG. 7 explained later) are stored respectively. Re-
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ception cumulative day count memories D1 to D3
are memories in which the plural date data ob-
tained by converting the cumulative day data sent
together with the plural reception time data stored
in the reception time memories X1 to X3, are
stored respectively. A reception current time mem-
ory X is a memory in which the time data only one
minute after the reception time data stored in the
reception time memory X3 is stored. A reception
current cumulative day count memory D is a mem-
ory in which the date data stored in the reception
cumulative day count memory D3 is stored. A
count hour-minute memory KT is a memory in
which the hour-minute data in the current time
count circuit 7 is stored immediately before the
current time data in the current time count circuit 7
is corrected.

A count second memory KS is a memory in
which the count data in the frequency-dividing cir-
cuit 6, or the data on the second digits of the
current time, is stored immediately before the cur-
rent time data in the current time count circuit 7 is
corrected. A correction amount memory SY is a
memory in which the amount of correction in the
radiowave correction process (i.e., the time data
indicating how much early or late the time data
should be set for correction). A timer flag Fs is a
flag in which a "1" is set during the timer operation
of the subftraction timer circuit 14.

Hereinafter, the operation of the second em-
bodiment thus constructed will be described.

FIG. 7 is a general flowchart for the operation
of the second embodiment. FIG. 8 is a detailed
flowchart for the switch process at step A2 in the
flowchart of FIG. 7. FIG. 9 is a detailed flowchart
for the radiowave correction process at step A4 in
the flowchart of FIG. 7.

In this embodiment, as shown in FIG. 7, first at
step A1, it is judged whether or not switch input
has been performed by operating any switch in the
switch section 8. If switch input has been per-
formed, control goes to step A2, where the cor-
responding switch process is carried ouf, and
thereafter control proceeds to step A3. If switch
input has not been effected, control goes from step
A1 to step A3 directly. At step AS, it is judged
whether or not the current time in the current-time
count circuit 7 is on the hour. If it is on the hour,
control goes to step A4, where a radiowave correc-
tion process (explained in detail later) is carried
out, and thereafter control goes to step A5. If it is
judged at step A3 that it is not on the hour, control
proceeds from step A3 to step A5. At step A5, the
current time data in the current-time count circuit 7
etc. is digitally displayed on the display section 10,
and thereafter control returns to step Al. From this
point on, the operations as described above will be
repeated.
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Hereinafter, the operation in each mode will be
described.

(a) the operation in the timer mode

It is assumed that the clock mode is switched
to the timer mode to start a timer operation, and
the radiowave correction process is carried out
while the time elapsing is being measured, thereby
correcting the current time data in the current time
count circuit 7. On this assumption, the operation
of the embodiment will be described.

To change from the clock mode to the timer
mode, a mode switch SM in the switch section 8 is
operated. The fact that a switch has been operated
is sensed at step A1 in FIG. 7. Then, control goes
to the switch process at step A2, or the flowchart of
FIG. 8. At step A10, it is sensed that what has been
operated is the mode switch SM, and then control
proceeds to step A11, where the value in the mode
register MR is inverted from "0" to "1" to turn on
the timer mode. Setting the timer time in the sub-
traction timer circuit 14 is effected by operating the
timer time switches SA and SB in the switch sec-
tion 8. At this time, each time the timer time switch
SA is operated, control goes to the switch process
(at step A2 in FIG. 7, or in the flowchart of FIG. 8).
At step A10, it is judged that the mode switch SM
has not been operated, and then control goes to
step A12, where it is judged that the mode register
MR has a "1" in i, meaning that the timer mode is
already on. Next, control proceeds to step A13,
where it is judged that what has been operated is
the timer time switch SA. At step A14, the timer
time set in the subtraction timer circuit 14 is in-
creased by one minute. On the other hand, each
time the timer time switch SB is operated, control
goes from step A12 to step A13, where it is judged
that what has been operated is not the timer time
switch SA. Then, control proceeds to step A15,
where the timer time set in the subtraction timer
circuit 14 is decreased by one minute.

After the timer time has been set in the sub-
traction timer circuit 14, when the current time in
the current time count circuit 7 is corrected on the
basis of the reception time code TC, the user
decides whether or not the timer time in the sub-
fraction timer circuit 14 (i.e., the remaining time)
should be corrected accordingly. If he decides fo
correct the time, he sets a "1" for the correction
flag Fc. When the correction flag Fc has a value of
"0", he operates the correction switch 50 in the
switch section 8 to change the value to "1". In this
case, as described earlier, control goes to the
switch process in FIG. 8. After the steps A10, A12,
A13, and A15 have been carried out, control pro-
ceeds to step A20, where it is judged that the
start/stop switch SC has not been operated, and
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then control goes to step A26. At this step, it is
judged that what has been operated is the correc-
tion switch SD, and then control goes to step S27,
where the correction flag Fc is inverted from "0" to
"

After the preparation for use of the timer func-
tion has been made as mentioned above, the
start/stop switch SC in the switch section 8 is
operated with the timing of starting to measure the
elapsed time with the subtraction timer circuit 14.
At this time, the operation is sensed at step A20. At
step A21, it is judged that the value of timer flag Fc
is "0", and control goes to step A22. At step A22, a
"1" is set for the timer flag Fs. Next, at step A23, a
set signal is sent to the RS flip-flop 12, which is
then placed in a set state. The output Q of the RS
flip-flop 12 enables the AND gate 13 so that the
one-second signal SS from the frequency-dividing
circuit 6 may be supplied to the subtraction timer
circuit 14 via the AND gate 13. From this time on,
the subtraction timer circuit 14 decreases the
preset time by one second each time it receives
the one-second signal SS sent every second.

After the subftraction timer circuit 14 has start-
ed to measure the elapsed time, there is no switch
operation. In addition, as long as the current time
data in the current time count circuit 7 has not
reached the hour, the following operations are re-
peated: control proceeds from step Al to step A3
and to step A5 for the display process, where the
current time data in the current time count circuit 7
and the timer time (i.e., the remaining time) in the
subtraction timer circuit 14 are digitally displayed
on the display section 10, and thereafter control
returns to step Al.

As time has passed in repeating the above
operations, when the current time data in the cur-
rent time count circuit 7 has reached the hour, the
fact is sensed at step A3 in FIG. 7, and control
proceeds to step A4 for the radiowave correction
process, or the flowchart of FIG. 9.

Once the radiowave correction process has
started, first at step A30, a reception start/end
signal C is sent to the receiving circuit 3, which
then starts a receiving operation, and the time
codes TC sent from the receiving circuit 3 are
taken in.

The processes at the subsequent steps A31 fo
A36 are the same as those at steps S13 to S18 in
the first embodiment. In those processes, three
receiving operations are performed, with the result
that the plural reception time data are stored in the
reception time memories X1 to X3, and the plural
reception cumulative day count data are stored in
the reception cumulative day count memories D1
to D3.

Then, control goes to step A37. At step A37, it
is judged whether or not the present reception has
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been performed properly. Specifically, it is judged
whether or not the three reception time data stored
in the reception time memories X1 to X3 are de-
layed one after another for one minute and whether
or not the three date data stored in the reception
cumulative day count memories D1 to D3 are the
same. If it is judged that the plural reception time
data in the reception time memories X1 to X3 are
delayed one after another for one minute and the
date data in the reception cumulative day count
memories D1 to D3 are the same, and that the
current reception has been performed properly,
control goes to step A38, where the time data
obtained by adding one minute to the reception
time data stored in the reception time memory X3
is stored in the reception current time memory X If
it is judged at step A37 that the current reception
has not been effected properly, control goes to
step A50, where a reception start/end signal C is
sent to the receiving circuit 3, which then stops the
receiving operation, thereby terminating the
radiowave correction process.

After the process at step A38 has been com-
pleted, control proceeds to step A39, where the
date data in the reception current cumulative day
count memory D3 is also stored in the reception
cumulative day count memory D. Then, at step
A40, the fourth frame reference marker is waited
for. When the fourth reference marker is sensed,
control goes to step A41. At step A41, the rising
edge of a pulse that rises one second after the
rising of the fourth reference marker (i.e., the point
in time indicated by T1 in FIG. 4) is waited for.
When the rising edge is sensed, control goes to
step A42. At step A42, the plural time data (the
hour and minute data) in the current time count
circuit 7 are stored in the count hour-minute mem-
ory KT, and the second data in the frequency-
dividing circuit 6 is stored in the count second
memory KS. Then, at step A43, the time data
stored in the reception current time memory X
(because this data is the time data at the time that
the fourth frame reference marker rose as de-
scribed earlier, it becomes one-second-old time
data at present) and the reception date data stored
in the reception current cumulative day count
memory D are forcibly set in the current time count
circuit 7 as the current time data.

Next, at step A44, because the current time
data set in the current time count circuit 7 at step
A43 is one second older than, or one second
behind, the current time, to correct this delay, the
preset signal P is supplied to the frequency-divid-
ing circuit 6 so that the next one-minute signal M
may be transmitted 59 seconds later, not 60 sec-
onds later, to forcibly increase the count in the
frequency-dividing circuit 6 by the value corre-
sponding to one second.
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After the process at step A44 has been com-
pleted, control goes to step A45, where a reception
start/end signal C is sent to the receiving circuit 3,
which then stops its receiving operation. Next, at
step A46, the hour and minute data and second
data and the second data at the time one second
after the time of the hours and minutes stored in
the reception current time memory X are sub-
tracted from the hour and minute data and the
second data respectively stored in the count hour-
minute memory HT and the count second memory
KS to calculate the difference (the difference be-
tween the counts in the current time count circuit 7
before and after the present correcting operation),
that is, the amount of correction. Additionally, the
amount of correction is stored in the correction
amount memory SY. Then, at step A47, it is veri-
fied that the value of timer flag Fs is "1" and the
subtraction timer circuit 14 is in operation, and
control proceeds to step A48. At this step, it is
judged that the correction flag Fc has a value of
"1", specifying that the timer time in the subfrac-
tion timer circuit 14 should also be corrected when
the current time in the current time count circuit 7
has been corrected. Next, at step A49, the amount
of correction stored in the correction amount mem-
ory SY is added to the timer time in the subtraction
timer circuit 14 at that time (i.e., the remaining
time) and then the radiowave correction process is
terminated. When the value of timer flag Fs is "0"
and the subtraction timer circuit 14 is not in opera-
tion, or when the value of correction flag Fc is "0"
and the correction of the timer time in the subtrac-
tion timer circuit 14 is not specified, these facts are
sensed at step A47 and step A48, respectively, and
the radiowave correction process is terminated at
the respective steps.

After the current time data in the current time
count circuit 7 and the timer time (i.e., the remain-
ing time) in the subtraction timer circuit 14 have
been corrected in the radiowave correction pro-
cess, control goes to step A15. At this step, the
corrected current time data in the current time
count circuit 7 and the corrected timer time in the
subtraction timer circuit 14 are digitally displayed
on the display section 10. Then, control returns to
step A1l.

As time has passed, and when the timer time
(i.e., the remaining time) in the subtraction timer
circuit 14 has reached 0, the zero-second sensing
circuit 15 senses the fact, and sends a sense
signal. The sounding unit 16 which has received
the sense signal then produce alarm sound for a
specified period of time. The sense signal is also
supplied via the OR gate 11 to the RS flip-flop 12
as a reset signal. Receiving the reset signal, the
RS flip-flop 12 goes into a reset state and stops
supplying output Q. This disables the AND gate 13.
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As a result, from this time on, the one-second
signal SS from the frequency-dividing circuit 6 is
prevented from being supplied to the subfraction
timer circuit 14, which then stops its operation.

Thereafter, the current time count circuit 7
counts the current time and corrects the current
time data every hour on the hour.

To interrupt the measurement of the elapsed
time by the subtraction timer circuit 14, the
start/stop switch SC in the switch section 8 is
operated at that time. This operation is sensed at
step A20 in FIG. 8. At step A21, it is verified that
the value of timer flag Fs is "1", not "0" and that
the subtraction timer circuit 14 is measuring the
elapsed time. At step A24, the value of timer flag
Fs is set at "0", and then a reset signal is sent to
the RS flip-flop 12 via the OR gate 11. Receiving
the reset signal, the RS flip-flop 12 goes into a
reset state, thereby causing the subfraction timer
circuit 14 to stop its operation.

When the operation of the subtraction timer
circuit 14 is interrupted, the correction of the timer
time (the remaining time) in the subtraction timer
circuit 14 is not effected even if the hour has been
reached after the interruption and the reception
correction process has been carried out (steps A47
to A49 in FIG. 9).

(b) The operation in the clock mode

To change from the timer mode to the clock
mode, the mode switch SM is operated. In this
case, the operation is sensed at step A10 in FIG. 8.
Then, at step A11, the value of mode register MR
is inverted from "1" to "O" to turn on the clock
mode. After the clock mode has turned on, the
steps A1, A3 to A5, and A1l in FIG. 7 are repeated
as long as no switch is operated. On the hour,
control goes from step A3 to step A4 of the
radiowave correction process, or the flowchart in
FIG. 9, where the operation is carried out as de-
scribed earlier. Because the operation is in the
clock mode, not in the timer mode, the subtraction
timer circuit 14 is not in operation and the value of
timer flag Fs is "0". Therefore, at step A47 in FIG.
9, the radiowave correction process is terminated
and consequently control does not proceed to step
A49, with the result that the timer time in the
subtraction timer circuit 14 is not corrected.

With the time data receiving apparatus accord-
ing to the second embodiment, when the current
time data in the current time count means is cor-
rected by the correction means, the corrected time
is sensed by the corrected time sensing means,
the timer means is also corrected as much as the
corrected time by the compensation means. There-
fore, it is possible to avoid the following problem:
the time in the current time count circuit disagrees
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with the timer end scheduled time during the alarm
operation of the timer function, because the current
time data in the current time count circuit has been
corrected during the operation of the timer function.

FIG. 10 shows a modification of the second
embodiment. The configuration of the modification
is almost the same as that in FIGS. 5 and 6.

An overview of the operation of the modifica-
tion is shown in a general flowchart of FIG. 10.

In comparison of the general flowchart of FIG.
10 with that of FIG. 7, they are almost the same,
except that in FIG. 10, step A3a is inserted be-
tween step A3 and step A4.

Specifically, in the modification, a check is first
made at step A1 to see if there has been a swiitch
input signal. If a switch input signal has occurred,
the corresponding switch process is executed at
step A2. Then, control goes to step A3. If there has
been no switch input signal, control proceeds di-
rectly from step A1 to step A3.

At step A3, a check is made to see if the
current time in the current time count circuit 7 has
reached the hour. If it is on the hour, it is judged at
step A3a whether or not the subtraction timer cir-
cuit 14 is in operation. Only when the circuit is not
in operation, the radiowave correction process of
correcting the current time data in the current time
count circuit 7 on the basis of the reception time
code TC (the processes consisting only of the
steps A30 to A45 in FIG. 8 in the previous embodi-
ment) is executed.

After the radiowave correction process has
been completed, when it has been judged at step
A3 that the current time in the current time count
circuit 7 has not reached the hour, or when it has
been judged at step A3a that the subfraction timer
circuit 14 is in operation, control goes to step A5 of
the display process, where the current time data in
the current time count circuit 7 is digitally dis-
played on the display section 10. After the display
process at step A5 has been executed, control
returns to step A1l. Thereafter, the similar pro-
cesses are repeated.

Specifically, with the modification, as shown in
steps A3a and A4, even if the hour has been
reached, as long as the timer operation is going on
at the subtraction timer circuit 14, the radiowave
correction process, that is, the process of correct-
ing the current time data in the current time count
circuit 7 on the basis of the reception time data is
not carried out. Therefore, it is possible to prevent
the time in the current time count circuit from
disagreeing with the timer end scheduled time dur-
ing the informing operation of the timer function.

While in the second embodiment, the subtrac-
tion timer circuit has been used which decreases
the preset timer time by one second every second,
an addition timer circuit may be used which in-
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creases the timer time by one second every sec-
ond, and informs the user of a time when the
accumulated value has reached the preset value.

Claims

1. A time data receiving apparatus comprising:

current time counting means (7) for count-
ing the current time data;

alarm time data storage means (9) for stor-
ing the alarm time data;

coincidence sensing means (1) for com-
paring the current time data in said current
time counting means with said alarm time data
fo sense the coincidence between them;

first informing means (1, 10) for performing
an informing operation when the coincidence
has been sensed at said coincidence sensing
means;

receiving means (2, 3, 1) for receiving the
radiowaves including time data and obtaining
the reception time data from the radiowaves;
and

correction means (1) for correcting the cur-
rent time data in said current time counting
means on the basis of the reception time data
obtained at said receiving means, character-
ized in that

said time data receiving apparatus in-
cludes:

judging means (1, step S25) for judging
whether or not said alarm time data is present
between the time data before correction and
the time data after correction, when the current
time data in said current time counting means
(7) has been corrected by said correction
means (1); and

second informing means (1, 10, step S26)
for performing an informing operation when
said judging means judges said alarm time
data as being present between said time data
before correction and said time data after cor-
rection.

2. A time data receiving apparatus according to
claim 1, characterized in that said correction
means (1) corrects the time every hour on the
hour.

3. A time data receiving apparatus according to
claim 1, characterized in that said first and
second informing means (1, 10) each produce
different alarm sounds.

4. A time data receiving apparatus according to
claim 1, characterized in that said correction
means (1) contains judging means (steps S13-
S$19) for judging whether or not the time data
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has been received properly on the intervals at
which a plurality of reception time data have
been obtained successively at said receiving
means, and executes said time correction only
when this judging means has judged that the
time data has been received properly.

A time data receiving apparatus comprising:

current time counting means (7) for count-
ing the current time data;

receiving means (2, 3, 1) for receiving the
radiowaves including time data and obtaining
the reception time data from the radiowaves;

correction means (1) for correcting the cur-
rent time data in said current time counting
means on the basis of the reception time data
obtained at said receiving means; and

different functional means (20) for obtain-
ing the time data different from said current
time data, characterized in that

said time data receiving apparatus in-
cludes:

correction time sensing means (1, step
A46) for sensing the correction time (the cor-
rected amount of time) when the current time
data in said current time counting means (7)
has been corrected by said correction means
(2, 3, 1); and

compensation means (1, step A49) for
compensating the time data in said different
functional means with the correction time
sensed at said correction time sensing means.

A time data receiving apparatus according fo
claim 5, characterized in that said different
functional means (20) contains remaining time
counting means (24) for counting the remain-
ing time until the preset time.

A time data receiving apparatus according fo
claim 6, characterized in that said different
functional means (20) contains informing
means (26) for informing the user when the
remaining time data in said remaining time
counting means has reached zero.

A time data receiving apparatus according fo
claim 5, characterized in that said different
functional means (20) contains elapsed time
counting means for counting the elapsed time
data.

A time data receiving apparatus according fo
claim 8, characterized by further comprising
informing means for informing the user when
the preset time has been reached.
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10.

11.

12,

13.

14.

15.

A time data receiving apparatus according fo
claim 5, characterized in that said correction
means (1) corrects the time every hour on the
hour.

A time data receiving apparatus according fo
claim 5, characterized in that said correction
means (1) contains judging means (1, steps
A31-837) for judging whether or not the time
data has been received properly on the basis
of the intervals at which a plurality of reception
time data have been obtained successively at
said receiving means, and executes said time
correction only when this judging means has
judged that the time data has been received

properly.

A time data receiving apparatus according fo
claim 5, characterized by further comprising
specifying means for specifying whether or not
the time data in said different functional means
should be corrected by said correction means,
wherein said correction means executes cor-
rection when said specifying means has speci-
fied correction.

A time data receiving apparatus comprising:

current time counting means (7) for count-
ing the current time data;

receiving means (2, 3, 1) for receiving the
radiowaves including time data and obtaining
the reception time data from the radiowaves;

correction means (1) for correcting the cur-
rent time data in said current time counting
means on the basis of the reception time data
obtained at said receiving means;

different functional means (20) for obtain-
ing the time data different from said current
time data; and

switch means (switch SC) for controlling
the start and stop of the operation of said
different functional means, characterized in that

said time data receiving apparatus in-
cludes:

disabling means (1, step A3a) for disabling
said correction means during the time when
said different functional means is operating as
a result of the operation of said switch means.

A time data receiving apparatus according fo
claim 13, characterized in that said different
functional means (20) contains remaining time
counting means (24) for counting the remain-
ing time until the preset time.

A time data receiving apparatus according fo
claim 14, characterized in that said different
functional means (20) contains informing
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18.

19.
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means for informing the user when the remain-
ing time data in said remaining time counting
means has reached zero.

A time data receiving apparatus according fo
claim 13, characterized in that said different
functional means (20) contains elapsed time
counting means for counting the elapsed time
data.

A time data receiving apparatus according fo
claim 16, characterized by further comprising
informing means for informing the user when
the preset time has been reached.

A time data receiving apparatus according fo
claim 13, characterized in that said correction
means (1) corrects the time every hour on the
hour.

A time data receiving apparatus according fo
claim 13, characterized in that said correction
means (1) contains judging means (1, steps
A31-A37) for judging whether or not the time
data has been received properly on the basis
of the intervals at which a plurality of reception
time data have been obtained successively at
said receiving means, and executes said time
correction only when this judging means has
judged that the time data has been received

properly.
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